ABSTRACT. Susceptibility of five species of Cyprinidae and Salmonidae freshwater fish to the early third-stage larvae (EaL3) and advanced third-stage larvae (AdL3) of Gnathostoma nipponicum infection were examined. Two fish species inoculated orally with EaL3 were infected, and AdL3 were recovered from them with rate of 21.0% in Tribolodon hakonensis and 0.5% in Cyprinus carpio at 30 days postinoculation (PI). Attempts to infect five fish species with AdL3 were all successful. The recovery rate of AdL3 was 69.0% in T. hakonensis, 47.5% in Carassius auratus subsp., 35.0% in C. carpio, 53.0 % in Oncorhynchus masou, and 32.0% in O. mykiss at 10 days PI. These results confirmed that the Cyprinidae and Salmonidae fish species reported here were susceptible to larval G. nipponicum infection and AdL3 had higher infectivity to them than the EaL3. -KEY WORDS: advanced third-stage larva, Gnathostoma nipponicum, intermediate host.
were inoculated orally with 20 EaL3 and examined at 30 days postinoculation (PI). Similarly, 10 fish in each of five species inoculated orally with 20 or 10 AdL3 were examined at 10 days PI. For the larval infection, all fish were inspected with an artificial digestion described in previous our report [8] . Before digestion, each fish was divided into 4 parts (head, viscera, abdominal wall, and other sites of muscles), individually. The recovered larvae were readily fixed with 10% hot formalin, cleared and mounted with lactophenol for morphological observation.
The results of experimental infection with both the EaL3 and AdL3 of G. nipponicum to five fish species is summarized in Table 1 . As shown in Table 1 , two fish species were susceptible to EaL3 obtained from E. serrulatus. All 10 T. hakonensis and one of C. carpio were positive and recovery rate was 21.0% in the former and 0.5% in the latter at 30 days PI. Ohta et al. reported that the size of EaL3 obtained from E. serrulatus was 456-616 × 52-82 µm [6] . In the present cases, the bodies of the larvae from C. carpio and T. hakonensis were 1,218 × 129 µm and 876-1,612 × 76-143 µm, respectively. The body dimensions and morphological features of the present larvae coincide well with the descriptions of AdL3 of G. nipponicum from loaches (M. anguillicaudatus) reported by previous investigators [1, 5, 8, 12] . Thus, it confirmed that the EaL3 developed into AdL3 in them at 30 days PI as in the case of loaches and these two fish species to be experimental second intermediate hosts of G. nipponicum.
On the other hand, all 50 fish consisting of five species inoculated with AdL3 were succeeded to infection. The recovery rate of larvae at 10 days PI was different, and was 69.0% in T. hakonensis, 53.0% in O. masou, 47.5% in C. auratus subsp., 35.0% in C. carpio, and 32.0% in O. mykiss, as shown in Table 1 . From these results, it was clarified that the infectivity of AdL3 to Cyprinidae and Salmonidae freshwater fish was higher than the EaL3. Until our present study, the infection of Cyprinidae and Salmonidae with Recently, human cases of Gnathostoma nipponicum infection have been recorded in Aomori and Akita prefectures, Northern Honshu, Japan [3, 13, 14] . Several kinds of fish including Cyprinidae and Salmonidae freshwater fish were suspected as the possible agents of human gnathostomiasis nipponica because of a common past history of eating raw flesh of the fish among patients. In a field survey to clarify the exact source of human infection, we found two fish species, Tribolodon hakonensis (Cyprinidae) and Oncorhynchus masou (Salmonidae), collected in the eastern Aomori Prefecture, an endemic area of this parasitic disease, infected with advanced third-stage larvae (AdL3) of G. nipponicum [7, 10] . However, the source and the infective-form of this nematode to the fish are unknown. In addition, the characteristics of Cyprinidae and Salmonidae freshwater fish as the host of G. nipponicum larvae are not clear. It is important to clarify these problems and to prevent the further occurrence of this parasitic zoonoses.
The purpose of this study is to assess experimentally the susceptibility of several kinds of Cyprinidae and Salmonidae freshwater fish including T. hakonensis and O. masou to the early third-stage larvae (EaL3) and AdL3 of G. nipponicum infection.
Five fish species consisting of Cyprinidae (Carassius auratus subsp., Cyprinus carpio , and Tribolodon hakonensis) and Salmonidae (Oncorhynchus mykiss and O. masou) freshwater fish were used ( Table 1 ). The fish were obtained from the Aomori Prefectural Inlandwaters Fisheries Experimental Station, and they were maintained in freshwater at room temparature (20-25°C) except for two fish species of Salmonidae which were maintained at 15-18°C. The EaL3 and AdL3 of G. nipponicum were obtained from Eucyclops serrulatus and Misgurnus anguillicaudatus which were prepared beforehand with inoculation as experimental first and second intermediate host of this nematode [2, 4, 6, 11] . Ten fish in each of four species AdL3 from loaches had not been reported. Thus, this is the first instance that three species of Cyprinidae and two species of Salmonidae fish have been infected with AdL3 and these five fish species have been found to be the host of AdL3 as the experimental secondary or paratenic host of G. nipponicum larvae. Additionally, it strongly suggests that it is possible these fish species are infected with AdL3 in nature from a second intermediate host such as a small fish including loaches in conjunction with their feeding habits.
In fact, we found in our previous field surveys that the fish fed upon loaches in O. masou [10] .
The dimensions of the larvae recovered from fish inoculated with AdL3 was almost similar to that of AdL3 before inoculation, and body size of the larvae was 629-1,286 × 59-129 µm. By morphological observation, however, many damaged AdL3 were also detected in the larval specimens collected from these fish. As the appearance of AdL3 varied, they were conveniently classified into three types, i.e., normal AdL3: showing sluggish movement and normal structure, degenerated AdL3: with lack of movement and partial degeneration, and dead AdL3: with advanced degeneration or collapse of the structure. The prevalence of each three types in five fish species is shown in Table 2 . The prevalence rate of damaged AdL3 (degenerated and dead AdL3) in the specimens from each fish species was 42.0% in C. auratus subsp., 31.2% in C. carpio, 16.0% in O. masou, 10.7% in O. mykiss, and 1.5% in T. hakonensis. In the past, we reported a high prevalence (51.2%) of damaged AdL3 of G. nipponicum found in naturally infected catfish (Silurus asotus) and suggested that the catfish might not be a very suitable host of AdL3 because of this finding in the larvae [9] . Similarly, it also seems that the C. auratus subsp., C. carpio, and O. mykiss reported here may not be suitable hosts to G. nipponicum larvae owing to the uninfected data or lower recovery rate in them inoculated with EaL3 and the relatively high prevalence of damaged AdL3 in these fish inoculated with AdL3. Further detailed studies are necessary to clarify the potential characteristics of these fish species to G. nipponicum larvae infection.
Concerning the location of G. nipponicum larvae in the fish body, many larvae had been reported from the muscular tissues of loaches and O. masou [1, 10] , and from the visceral organs of catfish [9] . In the fish inoculated with EaL3 reported here, most of the larvae (81.0%) were recovered from the muscles including the abdominal wall From these findings, it seems that the principal location of the larvae in the fish body may be different depending upon the different fish species. Although many damaged larvae were reported from the visceral organs of catfish, no relationship between the location of the larvae and prevalence of damaged larvae was observed in this study.
The present study, confirmed that three species of Cyprinidae and two species of Salmonidae freshwater fish were susceptible to the larval G. nipponicum infection and AdL3 had higher infectivity than the EaL3. In addition, it also suggests that the T. hakonensis and O. masou has characteristics suitable to be the host to AdL3 of this nematode than the C. auratus subsp., C. carpio, and O. mykiss. We consider that this report is useful to prevent the further occurrence of human gnathostomiasis nipponica in endemic areas of this parasitic zoonoses.
